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INTEODUGTION 

In this note we shall examine the properties 
of an internal beam dump system for the Tevatron 
running in the pbar-p collider mode. 9e assume 
that the beam energy can be as high as 1.8 TeV. 
The motivation behind this raport comes from the 
fact that the present proton abort systemls2) is a 
single-turn fast-extraction system, which becomes 
progressively more difficult to perform as the 
beam energy is raised without lengthening the 
straight section. We examine three different 
designs (Pig. 1). The first is a system comprised 
of two beam dumps at each end of the existing 
straight section, the second dump acting as an 
absorber for the secondary particles produced in 
the primary dump as well as functioning as the 
prim- dump for the particles of the opposite 
sign. The kicker magnets for this scheme are 
assumed to be outside the straight section in 
locations similar to the present system. The 
second layout again consists of beam dumps at 
either end of the straight section but with the 
kicker magnets located in the centre of the 
straight section. In this arrangement both beams 
are deflected vertically by the same kicker 
magnets. The advantsgih;f this arrangement is the 
compact nature of design with all the 
components lying within the straight section. The 
third scenario is similar to the second one with 
the relative positions of the dumps and kicker 
magnets reversed. With the dump located in the 
centre of the free space, the flux of secondary 
particles hitting the -superconducting elements a% 
the end of the straight sections is reduced. The 
limitations of these schemes will be discussed. 

BSAHPAMWTEB8 

For a given circulating beam current, the more 
intense the transverse phase-space density the 
greater the instanteous temperature rise inside 
the dump. Since the dump lies inside the machine 
lattice, there is no possibility of blowing up the 
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beam spot at the dump as is customary when using 
external abort lines. The machine lattice 
parameters immediately downstream of the straight 
section quadrupoles have beta values of 8G m and 
105 m (E and V) and a horisontal dispersion of 
1.8 m. With a normalised transverse besm 
emittance of 12 s (95%) and a longitudinal energy 
spread (0 p/p) of 8 x 10-4 (rms) at 159 GeV, this 
results in a beam spot of 1.68 mm x 1.2 mm (D and 
V) rms at 150 GeV. The besm spot sises at higher 
energies scale in usual fashion from these 
results. 

The presently operating abort system relies on 
a vertical beam displacement of 24 mm between the 
circulating and aborted beam trajectories to enter 
the extraction channel. Under this setup the 
circulating beam is displaced by 10 mm from the 
septum magnet. We will asswe a similar geometric 
relation for the scheme with kicker magnets in the 
arcs, which means that the besm strikes the dump 
up to 14 mm from the edge. The beam deflection at 
the dump for schemes 2 and 3 is somewhat less due 
to the restricted drift length between the kickers 
and the dump. In both of these cases the beam 
displacement is up to 10 mm from the edge. 

In order to estimate aborted beam intensities 
we have somewhat arbitrarily asswed a single 
high-energy full-intensity abort of 2 x 1012 
(30 bunches at 6 x 1010 ppb) can occur once per 
hour, and low energy injection aborts of this 
intensity can occur every 120 B for a period of 
four hours per day. Power dissipation and 
residual radioactivity can be scaled to different 
operating scenarios from these numbers. 

DESIGNGRITHUA 

In this study, taking into accowt the 
behaviour of the dump materials and opt&&sing the 
overall scheme, we required the following criteria 
to be fulfilled: 

1. For a single abort the maximum energy 
deposition in any region of the dump system and 
corresponding temperature rise have to be less 
then the melting points and the uhock wave limits 
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for the gires materials.3) 

2. The cooling system should prwide the 
necessary beat transfer from the wre to prepare 
the dusptothe next beamabort. 

3. The energy deposition in the superconducting 
qnad.rupola5 immediate17 downstream of the straight 
section 8ust be well be105 the quench limit.4) 

4. Tbe induced radioactiritq levels near the 
dumps should be sitbin the acceptable limits.g,g) 

6. Ground rater sctiration around the abort 
straight section by badron fluxes escaping the 
dumps bes to be prevented. 

6. Muon fluxes dosnstreas of the abort straight 
section must bs belos the tolerable lerels.3,7) 

7. The lifetime af the beas dusps 
fa years, at least. 

should exceed B 

8. Tha dumps sbould be ae wmpact as possible. 

CALCULATIONS 

We have carried out the series _ _ - - of the badronic 
snd slectrosagnetic cascade calculations in the 
Tsvatron straight section with the resent version 
of the Monte Carlo program Wf310.3 P 

Tbe o517 appropriate material for the wre of 
tbe considered beam dumps is graphite similar to 
tbs sxisting external abort dump.2 The core 
wssists of the gro bite 

s 
slabs (thickness -2 cs, 

densit is 1.71 g/es ) to reduce the shock save 
creation. 

We have exsmined tso beas energies for both 
csses sitb corresponding beam spot sises: 

Schem?l :y tw (ax = 1.68 Rm, 4, = 1.2 mm) 

1.8 TeV (ox = 0.43 mm, uy = 0.34 mm). 

Scheme 2 t 3 SeY (OX = 0.77 mm, or = 0.32 mm) 

1.6 TeV (ux = 0.63 mm, uT = 0.25 a~). 

Most results are similar for three 6cbeme5; 
tbsrsfore, we sill describe in detail only the 
first one. The main and principle exception 
(quenching) sill be given at the end of this 
report. 

8CDDDDl 

Tbe proposed layout of the abort dumps in the 
straight section is sbosu schematicall in Fig. 2. 
The system is bi-directional witb the dosnstream 
abort dump acting as an absorber for the sewndary 
particles produced in the upstream dump. We hare 
fousd that for a 1.8 TeV baas of 2-5 X 1012 
protons, the minimus length of such an absorber is 
430 cs followed by the endcap of M) cm l lusinus 
snd 30 cm steel. 

Energy Deposition and Temperature Piss 

Figure 3 sboss the tso-dimensional energy 
deposition density distribution in the graphite 
absorber. The results demonstrate the fasiliar 
badronic cascade properties: the very sharp radial 
fall off snd the relatively slos longitudinal 
dependence. The instantaneous temperature rise in 
the absorber can be determined from the data of 
Fig. 3 snd from an sntbalpy reserve. Using the 
data froa,@ se bare calculated the temoerature 
field in the overall beam dump. Tbe res&s r&b 
tbe core at the initial tern erature To = 27'C for 
the abort of 1.8 TeV 6 x 101 s proton heam is sbosn 
in Fig. 4. The maximum temperature of ~300'0 is 
reached on the beam axis at a longitudinal 
distance of 140 cm. Bxperisncis sitb the existing 
external beam dump s@em indicates that if the 
graphite slabs arc contained in the inertial 
(argon) atmosphere their long-life exploitation at 
such temperatures is possible. Dote that tbe 
fracture temperature of graph&o is +200-23OWC. 

Figure 4 sboss that temperatures at radii 
>3.6 a are less than 30°C (one needs to add the 
temperature rise to the initial temperature 27°C). 
The-mPximus temperature rise in the steel end&p 
is +OO*C. At smaller beem intensities all these 
numbers sre wrrespondingly less. The maximus 
isstantaneous temperature rise in the graphite 
core is on17 38OW for the 2 x 1013 abort. 
Moreover, the maximus energy deposition and 
crudely the maxima temperature rise do seals 
l lsost linearly with the beas energy, say to 
1.5 TeV or 130 SeV. Therefore. one csn wnsider 
the Fig. 4 data as an extreme c&e. 

On the basis of these calculations the tso 
proposed cross section of the upgraded Teratron 
internal beam dump ue shorn in Figs. 6 and 6. 

A. The 13.5 X 9 x 2 cs graphite slabs sitb 1 ms 
rluminus beam pipe of 60 X 40 mm aperture. The 
slabs in an argon atmosphere ue contained in an 
aluminum box sitb a closed lwp cooling 57stem. 
This box is surrounded by a steel shield. The 
totallengtboftbe dump is 33Ocs.Such adusp 
should sork reliably at energies up to 1.8 TeV and 
aborts up to 6x1012 protons. 

B. The 6x3X2.5 cm graphite inserts in the 
aluminum box (Dig. 6). Dequiresents for beam 
stability and beam intensity ((3-4 X 1012) ue 
harder for this case. 

Both short dumps in the strsight section ue 
identical. 

Cooling System 

To find the cooling system paraseters se we 
the abort scenarios of Section 2 and results on 
the total absorbed energy in each dump. Table 1 
belos gives the energy (in kiloJoules), deposited 
in the various puts of the dusp for the single 
2 x 1012 proton5 abort. 
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Bum Al 
Energy Bear Al Steel 

TeV Pipe Gravbite Container Shield Total 

1800 6.4 245.4 S7.6 160.0 463.4 
150 0.03 13.4 6.7 22.4 42.8 

Then, for these scenarios the poser of the 
closed loop cooling sy5tes of each internal beam 
rbort dump should be 

P = 466.4 + 42.8 x 30 = 1752.4 kJ/hr or 
-0.6 M. 

At hig?her intensit 
greater. Say, at 6 I 10 2 1 

the power should be 
multiply these nusbers 

by 2.5. 

Quenching 

To determine the superconducting units beating 
by the stray radiation escaping the dusps se 
perforssd the full scale Monte Carlo simulation 
for the whole straight section sbosn in Fig. 2. 
ho factors arc favorable: 

1. Because tbe beas displacement in the dump is 
luge enough, t$ere us practically no high energy 
protone scattered from the edge of the absorkrs, 
which are the most seriow component in the long 
distance irradiation, for exasple, ae in fast 
reson85t extraction case4); 

2. The sswnd besm dump which is placed at the 
other end of the abort straight section, just 
upstreem the superconducting quad, serves ae a 
good wllilator absorbing particles created in the 
firotdusp. 

Calculations sbos that the muimum energjr 
deposition density in .tbe first quadrupoie 
suserconductins wile is 3 x 10-7 CeV ser gram per 
incident pro& at the reference beam- offeet 
14 ms. For the 2 x 1012 beam abort it gives 0.1 mJ 
per gu, which is B factor of 5 to 10 belos the 
instantmeow quench limit.41 

Figure 7 gives the dependence of snergy 
density in tbe suoerwnducting coil on the beas 
displacement is tbe dump. AlGo sbosn is wisus 
energy deposition in the borisontal part of the 
inner alsminum tube of the dumps. One can conclude 
that for 1.8 TeV 2 x 1012 abort the minimus baas 
offset is about 5-7 ms. The corresponding maximum 
temperature in the aluminum is *lW"C. 

Shielding 

The avereged over a Tear tolerable flux of 
badronr uitb B >lO HeV at the outer surface of B 
shield is about 107 badrons/cs2 sec.5-8 This 
value gives -100 mrad/hr of wntact dose of 
induced radioactivity and is acceptable from 
ground sater activation point of view (flux 106 to 
the rater). For the considered abort scenuioe and 
503 l wllider year' se have 

1.8 TeV: 
24 X 365 X OS=4380 aborts ser year 
Averaged over year abort inter&t7 is 
2 x 1012 +4380/3.15 x 107 = 2.8 I l@p/sec 
Tolerable flux=107/2.8 x 10s = 3.6 x 10-2 per cm2 
per proton 

15OCev: 
30 x 4 X 365 X 0.5 = 2.19 x 104 aborts per 7ear 
Averaged abort intensity = 1.4 x 102 p/set 
Tolerable flux = 7.1 x 10-3 per cm2 per proton. 

Comparing these numbers to the results of 
cascade calculations se find that rlusinun 
wntainers must be surrounded with the steel 
shield (density 7.86 g/cm3) of the outer radius 
26 aas shosninFig. 3. 

Muons 

Galculations7) sbos that for the design 
puaseters one needs to ham 1.6 h of wet soil 
shield in the direction of aborts to provide on 
the surface the muon annual dose of 10 mrem.5 The 
maximum thickness of the soil ahove the aborted 
beas axis is -4 l , and may be higher (5 m) at the 
first 100 meters near the Cg straight section 
dependently on the specific abort design. The 
Fermilab site is fulfilled to this wndition and 
the only requirement is to kich the aborted bean 
dosn. 

Lifetime 

The integrated over a year badron flux in the 
*hottest" point of the dun -for iren scenarios is 
in the ruuce of 1.5-4x10 8 cm- . f s The tolerable 
flux is ab&tt 1020 a-2. The present abort dump 
with the similar m&mum badron flux is exploited 
for seven 7ears. The necessary requirement is the 
ugon l tsospbere for graphite. The beam offset 
could be different at 150 GeV and 1800 CeV say, 
lo-14 ms at 1.8 TeV and 7-10 ms at 150 CeV. 

SCHMEa 

We bare studied tso dump designs for this 
scheme, wbicb us similar to Figs. 5 and 6, but 
both with inserts and in the last case with 
apertureM)x 2On. 

Considering the maximum beas puaseters as 
1.5 TeV and 2 X 1012 ppp, we have found that the 
wre insert should consist of 360 cs graphite 
follosed by 40 cm steel and 140 a tungsten. 
Maximum temperature in all parts (C, Fe, 3) is 
;czz*C. Shielding and other requirements are 

. 

The snergy deposition in superwnducting wil 
is extremely high bosever and even with the 
aperture of the dump restricted, the quench levels 
in the superconducting magnets ue exceeded by at 
least an order of magnitude (Table 2). Results of 
this table sbos that neither ‘of these urangements 
result in 8 vi8bls design option. 
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SCKSKS3 

The third 8ltemstire is si5ila.r to scheme 2 
in tbrt all the short elements ue confined ritbin 
the straight section, but is slight17 less elegant 
in the fact that it uses tw sets of kicker 
sagsets at sack end of the long straight aud 8 
double esded dusp in the csntre, thus losing the 
operationally desirable feature of B single set of 
kicker sagaets abortisg both beams. Each system 
of kickers wnsists of fire wdules sirilu in 
design to the anisting Tsratron 5agnets. This 
results in B bess deflection of 1.3 uad sbicb 
corresponds to a bsss displacesent of 20 ss at the 
face oftbe duss. The dusp is constructed in 
three sections. -The cross-section is the SW as 
that outlimed in scbese 1. 

Se&ion No. 1 2 3 

&tent, 5eters O-4.2 4.2-4.8 4.8-9 
Core 6 X 2.5 cm 6rnpbite Steel 
Container r<6 cs 

Crsp!&e 
Aluminum Steel t:Lms 

Shield 6<r<35 c5 Steel Steel 1 

The energlr deposited in the various sections 
of this dump is abonn in Table 3. These dot8 can 
be used for deteminrtion of closed loop cooling 
system 

hble 3 Knergy 
2 X 101 6 

kJoules) Deposited per a Single 
Abort 3 

Elesent &=I500 GeV Do=150 GeV 

Core 
Set 1 115.2 
Sac 2 25.2 
set 3 1.3 
Total 141.7 

5.17 
0.32 

Contaisel 
set 1 
sac 2 
Set 3 
Tot81 

111.0 
21.8 

14::: 

0.05 
5.54 

11.24 

8-E 
12:54 

Steel 
shield 

set 1 
Set 2 

160.7 

:-x 
176:s 

36.47 
0.50 
0.46 G.I.Sesenwa and A.V.U&ni&. NIM, Vol.180; 

26.42 p.469 (1981). 

TOTAL 460.0 44.50 

Total psser: P=460+ 44.5 x 30=1795kJ/br. 
For astipro2 abort nuebers for Sectrons 1 and : 
are excbaug . 

3 I 

The quenching behavior of this desip is eboss 
in Table 4. Placing the dusp in the centre of the 
straight section results in 8 dramatic decrease in 
the energy deposition in the superconducting 
elesents. There are tw reasons for this: the 
superconducting saguets ue further asay fros the 
source of the radiation md hence subtend a 
ssaller solid angle, but sore isportautly the 
kicker 5amets themselves. with their reduced 
aperture, &KG excellent absorbers resulting in a 
greatly reduced flux into the superconducting 
ele5ents. 

ho of the three internal abort designs 
considered result in satisfactory bebatiour 85d 
fulfill the criteria outlined -in Section 3. A 
hess dump positioned directly in front of the 
superconducting sagnets cannot absorb B sufficieut 
number of the secosdery puticles outscatterisg 
fros the face of the dusp to avoid quenching these 
saguets at the kind of intensities like17 to be 
encountered during the collider upgrade. Other 
fe8tIU8S of the abort design appear to be within 
5dequ8te oper8tion8l tolerances. 

1) 

2) 

3) 

4) 

5) 

6) 

7) 

8) 

9) 
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Table 4 Quenchi~ Summary for 2 X 1012 Abort 

Scheme 1 2 3 

Eo, TeV 1.8 1.6 1.6 

DurP wrf-, = 80x40 80x40 60x20 80X30 

&SD Off8t& 0 10 14 10 14 14 10 

Max. energy densit 
in SO coil, J/g 0.18 0.1 100 30 13 < 0.01 

Energy deposited 
in the first matar 
of Quad, Joulccz 6 3.2 3962 1968 330 < 0.006 

Number of hadronm 
in Quid 8pertura 
rt 1 meter 

with E > 10 YeV ma 638 3.2312 1.7312 2.2311 047 
with E > -75 Eo 100 96 266 241 249 168 

*Yesa ha&on energy = 8-36 GeV 

7.5 cm SS beam pipe 

Figure 2 Schematic view of two beam abort dumps placed in the CO straight mction. 

SC Quad 

c 
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3ohese 1 The kiohcr ss8sets outside the 83 

1 I I 

Scheme 2. The kicker magnet at CL 

Scheme 3. The only absorber at CL 

-50 rn- 
FigUre 1 Three esePined designs for the Testron 
interns1 bcas dusp system. 
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Figure 3 longitudinal distributions of energy 
deposition density in the various radial bins of 
the core of the internal bess dusp at the 1.8 TeV 
proton abort with a beas spot of O&*0.34 as 
(He) rm6. 

woo . ..‘.-.‘.,....,....,.“~,..” 

rc.03 OS’ 1.8 TeV, 6x10’~ ppp _ 
To - 27 % - 

l<r<3.5 cm 

. 0 

10 r 0 
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. . . . I . . . . I . . . . I . . . . 1...!1:... 
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wtzd 

400 500 500 

Figure 4 Isstastaseous teapsratura rise 
distribution corresponding to Fi8. 3 for the bear 
abort of 6UO12 protons. 

Steel shield dth &,ut = 26 cs 

-g- 

0.1 cm Al Beam Pip: 

a 4 
Aperture 8x4 cm 

88 
Beam 

4 
3-J 

Graphite Slabs 

Figure 6 Core of the interaal beaa abort duap, 
Scheme l(A). All diseusioas we in ca. 
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Steel shield rith Rout = 25 CD 
I 11 0 -I-\-w 

Beam offset, A (mm) Beam offset, A (mm) 

Figure 7 Maximum energy deposition density in the 
first downstream quadrupole supsrwnductiog coils 
and in the aluminum beam pipe inside the internal 
abort dump versus beam displacement in the dump. 

Figure 0 Core of the internal beam abort dump, 
Scheme l(B). All dimensions ue in cm. 


